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(57) ABSTRACT 

A polyamic ester (PAE) ?lm, Which shoWs an electro-optic 
(EO) and nonlinear optical (NLO) properties Without a poling 
process, is prepared. The chromophore in the ?lm seems to be 
slightly oriented normally to the ?lm surface (transverse mag 
netic ?eld (TM) direction even though the polymer solution is 
spin-coated. This is due to the nano-con?guration structure of 
PAE controlled by introducing a designed chemical structure 
into the monomeric repeating unit of PAE. Manufacturing the 
relating devices can be simpli?ed by using the self-poled 
polymer ?lm as a polymer Waveguide. Additionally, the E0 
property of the ?lm is thermodynamically stable. 

10 Claims, 6 Drawing Sheets 
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FIG. 3 
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SELF-POLED ELECTRO-OPTIC AND 
NONLINEAR OPTICAL POLYMER, METHOD 
OF MANUFACTURING THE POLYMER, AND 

FILM MANUFACTURED FROM THE 
POLYMER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to the bene?t of Korean 
Patent Application No. 2004-82468, ?led Oct. 15, 2004, the 
disclosure of Which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to a self-poled electro-optic 

(EO) and nonlinear optical (NLO) polymer, a method of 
manufacturing the polymer, and a ?lm manufactured from the 
polymer. More speci?cally, the present invention relates to a 
self-poled EO and NLO polymer, a method of manufacturing 
the polymer, and a ?lm manufactured from the polymer. 
Organic chromophores chemically attached to the polymer 
are one-directionally oriented in 3-dimensional space due to 
the con?guration control of the polymer backbone chemical 
structure. A poling process is not required When the ?lm is 
formed. 

2. Discussion of RelatedArt 
Recently, in line With the ongoing development of devices 

for high-speed and high-bandWidth data transmission, EO 
and NLO materials that can be used in the ?eld are in high 
demand, and researches on their utiliZation have actively been 
in progress. Materials currently used for high-speed optical 
communication devices include inorganic crystals such as 
LiNbO3 and InGaAsP. The cost for manufacturing such mate 
rials is very high even if they shoW stable optical nonlinearity. 
The manufacturing process is also dif?cult and time-consum 
rng. 
On the other hand, organic materials, polymers in particu 

lar, with E0 and NLO properties have been developed for 
about 20 years. Compared With the aforementioned inorganic 
materials, they are easy to be synthesiZed and processed. In 
addition, their optical properties such as refractive index, 
optical coef?cient, and absorption Wavelength can be con 
trolled as needed. An organic polymer material having EO 
and NLO properties is manufactured by chemically introduc 
tion of organic chromophores into a polymer backbone. 
Organic chromophores have conjugation on Which electrons 
can move. It shoWs a dipole moment by introducing an elec 
tron-donating and electron-releasing group to the molecule, 
and is poled With applied electric ?eld. Introducing the 
organic chromophores into polymer gives the polymer sys 
tem electro-optic and nonlinear optical properties. 
EO and NLO polymers can be largely classi?ed into four 

groups according to the relationship betWeen the polymer and 
the organic chromophore (G. A. Lindsay, “Second-Order 
Nonlinear Optical Polymers: An OvervieW”, ACS Symp. Ser. 
60, G. A. Lindsay and K. D. Singer eds., ACS, 1995, Chapter 
1). 
The ?rst group is host-guest type polymers. These poly 

mers are prepared by dispersing an organic chromophore into 
a polymer matrix. Its preparation is simple. Once the organic 
chromophore is Well diffused into the polymer matrix, the 
poling effect can be maximiZed due to free motion of the 
organic chromophore molecules in the polymer. HoWever, the 
optical nonlinearity signi?cantly decrease due to the free 
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2 
motion of molecules at high temperatures during an optical 
device is manufactured. In addition, the glass transition tem 
perature (Tg) of the polymer decreases With increasing the 
content of the organic chromophores. Optical loss originates 
from the organic chromophore domains, resulting in optical 
loss. 
The second group is side chain-type polymers. This type of 

polymer is developed to overcome the problem of the host 
guest polymer by chemically attaching the organic chro 
mophore to a polymer main chain. Further, separation 
betWeen the organic chromophore and polymer matrix is 
prevented and a proper Tg of the polymer is obtained to 
achieve high temperature stability of the optical nonlinearity. 
The Tg of the E0 polymer obtained using this method is 
preferably in the range of 150° C. to 200° C. Poling ef?ciency 
is maximiZed around Tg Where molecular motion in the E0 
polymer is high. The optical nonlinearity obtained at below 
1500 C. may decay during a device is processed (The pro 
cessing temperature is betWeen about 80° C. and 100° C.). 
The organic chromophore can be decomposed during poling 
above 200° C. (M. H. Lee et al., “Polymeric Electrooptic 2><2 
SWitch Consisting of Bifuraction Optical Active Waveguides 
and a Mach-Zehnder Interferometer”, IEEE J. on Selected 

Topics in Quantum Electronics, 7, 812, 2001). 
The third group is main chain-type polymers, obtained by 

incorporation of a nonlinear optical organic chromophore 
into a polymer main chain. As anticipated, molecular mobil 
ity of this type polymer system decreases compared With the 
side-chain type polymer system so that the E0 effect is highly 
therrnostable. 
The fourth group is crosslinked type polymers. This type 

polymer system is used to improve the thermal stability of EO 
and NLO effect after poling the host-guest and side-chain 
type polymers With loW Tg. In this method, the polymer main 
and side chains are crosslinked during or after poling the E0 
and NLO polymer. After the E0 polymer is crosslinked, the 
molecular motion of the organic chromophore is reduced so 
that the E0 effect canbe signi?cantly maintained even at high 
temperature. In general, the polymer main chain is thermo- or 
photo-crosslinked in the presence of a catalyst. HoWever, 
after the crosslinking reaction, the unreacted cross-linkers or 
catalyst remain, Which limits use of the crosslinked polymer 
system for optical devices (U.S. Pat. No. 5,420,172, U.S. Pat. 
No. 5,776,374). 
Among the above four types polymer system, it is Well 

knoWn that the side chain type polymer system is the most 
suitable for optical devices in terms of poling effect and 
thermal stability of the optical nonlinearity. 

Korean Patent Application No. 2003-28187 entitled “Side 
Chain Type Polyamide Ester as Electro-Optic and Nonlinear 
Optical Polymer, Manufacturing Method Thereof, and Film 
Manufactured Therefrom” ?led May 2, 2003, by the present 
inventors, discloses E0 or NLO side chain polymer manu 
factured by reaction of an organic chromophore With 
polyamic acid, Which is a precursor of polyimide. 

Further, all EO and NLO polymers obtained from any of 
the above four methods are necessarily applied With an exter 
nal electric ?eld While the polymers is heated to around their 
Tg, to obtain high EO and NLO polymer property. The 
organic chromophores in the ?lm are noncentrosymmetric. In 
fact, in manufacturing a polymer optical device such as an 
optical modulator or an optical sWitch, an E0 and NLO 
polymer ?lm is betWeen a loWer cladding layer and an upper 
cladding layer, and an electrode is deposited on the upper 
cladding layer to apply an electric ?eld in a direction of a ?lm 
thickness for poling the polymer Waveguide. An external 
electric ?eld is applied according to the thickness of the 
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cladding and core layers. Therefore, the poling effect is espe 
cially affected by electric conductivity betWeen the cladding 
and the polymer core. In order to maximize the poling effect, 
it is important to develop the cladding layer having loWer 
conductivity than that of the electro -optic and nonlinear opti 
cal polymer. That is another research subject. 

If the organic chromophores in the polymer ?lm spontane 
ously is aligned themselves noncentrosymmetrically Without 
a poling process When EO and NLO polymer is spin-coated, 
all processes related to the poling process during manufacture 
of the optical device can be omitted so that the overall process 
is simpli?ed and requirements for cladding materials are sim 
pli?ed. In general, such a natural noncentro symmetric EO 
and NLO polymer ?lm is obtained using a langmuir-blodgett 
(LB) process or a layer-by-layer self-assembly process (We 
bin Lin et al, Supramolecular approaches to Second-Order 
Nonlinear Optical Materials, Self-Assembly and Microstruc 
tural Characterization of Intrinsically Acentric [(aminophe 
nyl)azo]pyridinum Superlattices, J. Am. Chem. Soc., 118, 
8034, 1996), in Which single molecular layers are stacked 
layer-by-layer due to molecular force of the organic chro 
mophores. HoWever, it is not easy to obtain a polymer ?lm 
With a thickness of 3 to 4 um or more required in real optical 
devices. 

The present inventors found that the EO and NLO side 
chain polyamide ester disclosed in Korean Patent Application 
No. 2003-28187 has three diacid-diester isomers in the poly 
mer repeating unit, so that When the isomer With one-direc 
tionally oriented chromophore in 3-dimensional space is 
separated and used for polymerization, high EO and NLO 
properties can be naturally achieved Without a poling process. 
This invention renders a poling process unnecessary and the 
EO ?lm With a desired thickness is easily formed by a simple 
spin-coating method. 

SUMMARY OF THE INVENTION 

The present invention is directed to a self-poled EO and 
NLO polymer. 

Further, the present invention is also directed to a method 
of manufacturing a self-poled EO and NLO polymer. 

The present invention is also directed to a ?lm manufac 
tured from a self-poled EO and NLO polymer. 

One aspect of the present invention provides self-poled EO 
and NLO polymer represented by the folloWing Formula 1, 
Wherein among three types of isomers in a diacid-diester 
monomer in Which an organic chromophore is chemically 
attached to an aromatic dianhydride, the self-poled EO and 
NLO polymer is obtained by a polymerization reaction 
betWeen a diacid-diester monomer containing largely isomer 
With one-directionally oriented chromophore in 3-dimen 
sional space and a diamine: 

(1) 
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4 
Where, AR is an aromatic group, R is an aliphatic or aromatic 
group, D is a residue of an organic chromophore molecule 
having EO and NLO properties, and n is 5 to 500. 

It is preparable that a mole ratio of the isomer With one 
directionally oriented chromophore in 3-dimensional space 
in the EO polymer as shoWn in Formula 1 may be 0.45 to 1. 

In addition, the organic chromophore may be one selected 
from a group consisting of 2-{ethyl-[4-(4-nitro-phenylazo) 
phenyl]-amino}-ethanol (DR1), 2-{[4-(2-chloro-4-nitro 
phenylazo)-phenyl]-ethyl-amino)-ethanol (DR13), 2-(me 
thyl-{4-[2-(4-nitro-phenyl)-vinyl]-phenyl}-amino)-ethanol, 
and 2 -cyano -3 - {4- (2 -hydroxy-ethyl) -methyl -amino] -phe 
nyl}-but-2-endinitrile. 
An example of a polymer according to the present inven 

tion is illustrated in FIG. 3 as Formula 2 Where n is 5 to 500. 
Another aspect of the present invention provides a method 

of manufacturing self-poled EO and NLO polymer, including 
the steps of: reacting an aromatic dianhydride With an organic 
chromophore having optical nonlinearity to synthesize a 
diacid-diester monomer; separating only an isomer With one 
directionally oriented chromophore in 3-dimensional space 
from the diacid-diester isomer mixture; and polymerizing the 
separated monomer and a diamine. 

In the manufacturing method of the present invention, the 
dianhydride may be an aromatic one, the organic chro 
mophore may be a J's-conjugated organic molecule having 
both an electron-donating group and an electron-releasing 
group, the dianhydride and the organic chromophore may 
react in a mole ratio of 1:21 to 112.2, and the diacid-diester 
isomer With one-directionally oriented chromophore in 3-di 
mensional space may be separated through an extraction 
method. 
The diacid-diester monomer and the diamine may be poly 

merized at a loW temperature using a polymerization catalyst 
including phenylphosphonic dichloride and pyridine. 

Still another aspect of the present invention provides a ?lm 
manufactured from self-poled EO and NLO polymer, 
Wherein among three types of isomers in a diacid-diester 
monomer in Which an organic chromophore is chemically 
attached to an aromatic dianhydride, the self-poled EO and 
NLO polymer is prepared from a polymerization reaction 
betWeen a diacid-diester monomer containing largely isomer 
With one-directionally oriented chromophore in 3-dimen 
sional space and a diamine 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent to those of ordinary 
skill in the art by describing in detail exemplary embodiments 
thereof With reference to the attached draWings in Which: 

FIG. 1 shoWs a nuclear magnetic resonance spectrum (1H 
NMR) of a polymer synthesized according to a ?rst embodi 
ment of the present invention; 

FIG. 2 shoWs the thermal stability of EO effect of a ?lm 
manufactured according to a second embodiment of the 
present invention. The EO coef?cient obtained over time for 
the ?lm stored at a high temperature is normalized to the 
initial EO coef?cient. 

FIG. 3 shoWs an example of a polymer according to the 
present invention is illustrated as Formula 2 Where n is 5 to 

500; 
FIG. 4 shoWs the most stable molecular models structures 

of the diacid-diester isomers obtained by using MOPAC cal 
culation; 

FIG. 5 shoWs the most stable molecular structure of For 
mula 11 in a 3-dimensional space obtained from MOPAC 



US 7,537,715 B2 
5 

calculation by simulating some repeating unit of the polymer 
that synthesizes from 2,2-bis(4-aminophenyl) hexa?uoro 
propane (6F) and the meta-para type isomer among three 
types diacid-diester isomers obtained from a reaction of DRl 
With ODPA; and 

FIG. 6 shoWs reaction and synthesis for preparing the E0 
and NLO polymer of the ?rst embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, an exemplary embodiment of the present 
invention Will be described in detail. However, the present 
invention is not limited to the embodiments disclosed beloW, 
but can be implemented in various types. Therefore, the 
present embodiment is provided for complete disclosure of 
the present invention to fully inform the scope of the present 
invention to those ordinarily skilled in the art. In the folloWing 
description, same draWing reference numerals are used for 
the same elements even in different draWings, and explana 
tions of the same elements are omitted. 

According to a ?rst aspect of the present invention, there is 
provided a self-poled EO and NLO polymer, Wherein among 
three types of isomers in a diacid-diester monomer in Which 
an organic chromophore is chemically attached to an aro 
matic dianhydride, the self-poled EO and NLO polymer is 
obtained by a polymeriZation reaction betWeen the diacid 
diester monomer containing largely isomer With one-direc 
tionally oriented chromophore in 3-dimensional space and a 
diamine. Here, the organic chromophore is chemically 
attached to a polymer main chain and naturally oriented in 
one direction through molecular design of the monomer When 
the polymer is synthesiZed, such that a poling effect can be 
obtained Without an additional poling process. 

When an aromatic group is in a main chain of the E0 and 
NLO polymer, the con?guration of the polymer main chain 
varies according to the location of chemical bonding betWeen 
the organic chromophore and the aromatic group, and accord 
ingly, a 3-dimensional spatial orientation of the organic chro 
mophore is signi?cantly changed in the E0 ?lm. 

Therefore, the polymer is manufactured by polymerizing a 
diacid-diester isomer With one-directionally oriented chro 
mophore in 3-dimensional space separated mainly from three 
types of isomers in the diacid-diester monomer chemically 
attached to the organic chromophore, and a diamine. 

Here, the dianhydride may be any aromatic dianhydride, 
and speci?cally, may be selected from a group containing 
4,4'-oxydiphthalic anhydride (ODPA), 4,4'-(hexa?uoroiso 
propylene) diphthalate anhydride, benZophenone tetracar 
boxylate dianhydride, biphenyl tetracarboxylate dianhy 
dride, and pyromellitic dianhydride, and preferably, 4,4‘ 
oxydiphthalic anhydride (ODPA). 

The organic chromophore includes a J's-conjugated organic 
molecule having both an electron-donating group and an 
electron-releasing group, but not limited thereto. Preferably, 
the organic chromophore may include 2-{ethyl-[4-(4-nitro 
phenylaZo)-phenyl]-amino}-ethanol (DRl) represented by 
Formula 3, 2-{[4-(2-chloro-4-nitro-phenylaZo)-phenyl] 
ethyl-amino)-ethanol (DR13) represented by Formula 4,2 
(methyl-{4-[2-(4-nitro-phenyl)-vinyl]-phenyl}-amino) 
ethanol represented by Formula 5, and 2-cyano-3-{4-(2 
hydroxy-ethyl)-methyl-amino] -phenyl } -but-2-endinitrile 
represented by Formula 6. 
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[Formula 3] 

[Formula 4] 

// 

Cl 

[Formula 5] 

[Formula 6] 

CN 
NC \ 

NC 
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In addition, the diamine may be any aliphatic or aromatic 
group, but may be selected from a group containing 2,2-bis 
(4-aminophenyl) hexa?uoropropane, 4,4'-diaminoocta?uo 
robiphenyl, oxydianiline, p-penylene diamine, and 1,3-di 
aminopropane, and more preferably 2,2-bis(4-aminophenyl) 
hexa?uoropropane. 

In addition, When the polymer according to the present 
invention is a copolymer, an arrangement betWeen different 
species of monomers may be any arrangement. For example, 
those are a random copolymer, alternating copolymer, block 
copolymer, graft copolymer. 

The aromatic dianhydride, a monomer of the polymer, 
according to the present invention may vary in the number of 
isomers according to the chemical structure of the aromatic 
dianhydride. For example, When an organic chromophore D 
having optical nonlinearity is reacted With an aromatic dian 
hydride, there are tWo types of isomers as shoWn in Formula 
7: 

[Formula 7] 
O Y O 

HO OH 

D — O O — D 

O Y O 

meta 

O Y O 

HO O — D 

D — O OH 

O Y O 

para 

WhereY is halide, hydrogen, deuterium, (CH2)nCH3(n is 0 to 
10), (CF2)mCF3 (m is 0 to 10), phenyl, phenoxy, biphenyl, 
biphenoxy, phenol ?uoride, phenoxy ?uoride, biphenyl ?uo 
ride, or biphenoxy ?uoride. 

In addition, When the organic chromophore D having opti 
cal nonlinearity is reacted With a bridged aromatic dianhy 
drides, there are three types of isomers as shoWn in Formula 
8: 

[Formula 8] 

O Y Y O 

D — o X o — D 

HO Y Y OH 

O Y Y O 

meta-meta 
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-continued 
O Y O 

D —O X OH 

HO Y Y O — D 

O Y O 

meta-para 
O Y O 

HO X OH 

D — O Y Y O — D 

O Y Y O 

para-para 

Where, X is O, C:O, C(CF3)2, 

Y Y 

n I k5, 

Y Y 

andY is as de?ned above. 
Besides, there may be other isomers as follows: 

[Formula 9] 
O Y O 

HO OH 

Y O — D 

Y O 
O Y O 

HO O — D 

Y OH 

Y O 

WhereY is as de?ned above. 
Speci?cally, When the organic chromophore D having opti 

cal nonlinearity is reacted With a bridged aromatic dianhy 
dride ODPA (X:O), there are three types of isomers as 
shoWn in Formula 10: 

[Formula 10] 

O O 

D—O O O—D 

HO OH 

O O 

meta-meta 
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-continued 
0 O 

D — O O OH 

O — D 

HO 

O O 

meta-para 
O O 

HO O OH 

D — O O — D 

O O 

para-para 

The most stable structure of the diacid-diester isomers 
obtained by using MOPAC calculation may be represented 
With the following molecular models depicted in FIG. 4. 

Likewise, the organic chromophore has an orientation 
according to each type of isomer. Among the diacid-diester 
isomer monomers obtained from the reaction betWeen ODPA 
and disperse red 1 (DRl), only the meta-para type shoWs 
slightly one-directional orientation of the organic chro 
mophore in a 3-dimensional space. The E0 polymer prepared 
from the meta-para type diacid-diester monomer and a 
diamine may exhibit a poling effect Without a poling process. 
As depicted in FIG. 5, Formula 11 shoWs the most stable 

molecular structure in a 3-dimensional space obtained from 
MOPAC calculation by simulating some repeating unit of the 
polymer that synthesizes from 2,2-bis(4-aminophenyl) 
hexa?uoropropane (6F) and the meta-para type isomer 
among three types diacid-diester isomers obtained from a 
reaction of DRl With ODPA. 

The isomers With one-directionally oriented chromophore 
in 3-dimensional space may be 45 to 100 mol % of the 
diacid-diester isomer mixture. It is not desirable that the 
isomers With one-directionally oriented chromophore in 3-di 
mensional space is less than 45 mol % of the diacid-diester 
isomer mixture, since the E0 effect naturally obtained from 
the speci?c con?guration of chemical structure of the E0 ?lm 
can not be achieved. 

According to a second aspect of the present invention, there 
is provided a method of manufacturing a self-poled EO and 
NLO polymer, Wherein among three types of isomers in a 
diacid-diester monomer in Which an organic chromophore is 
chemically attached to an aromatic dianhydride. The self 
poled EO and NLO polymer is obtained from the reaction 
betWeen the diacid-diester monomer containing largely iso 
mer With one-directionally oriented chromophore in 3-di 
mensional space and a diamine. The method comprises the 
steps of: (i) reacting an aromatic dianhydride With an organic 
chromophore having optical nonlinearity to synthesize a 
diacid-diester monomer chemically attached to the organic 
chromophore; (ii) separating only an isomer With one-direc 
tionally oriented chromophore in 3-dimensional space from 
the diacid-diester isomer mixture; and (iii) polymerizing the 
separated isomer monomer and a diamine. 

In the manufacturing method, (i) Reaction of dianhydride 
With organic chromophore for synthesizing the diacid-diester 
monomer chemically attached to the organic chromophore is 
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10 
conducted in a solvent in a mole ratio of the dihydride to the 
organic chromophore in the range of 1:2.1 to 1:2.2. 

Here, the dianhydride may be any aromatic dianhydride, 
and the organic chromophore may be a J's-conjugated organic 
molecule having both an electron-donating group and an 
electron-releasing group. A detailed description thereof is 
given above. 
The reaction takes place under conditions knoWn in the art, 

preferably, at a temperature of 50° C. to 70° C., and in any 
proper solvent capable of dissolving the reactants, e.g., dim 
ethylformamide (DMF). In addition, the reaction preferably 
takes place in an inactive atmosphere, e.g., a nitrogen atmo 
sphere, in order to prevent a hydrolysis reaction of the dian 
hydride moiety. 
A diacid-diester monomer chemically attached to the 

organic chromophore may exist in various isomers. There 
fore, (ii) the step of separating isomer With one-directionally 
oriented chromophore in 3-dimensional space from the 
diacid-diester isomer mixture is performed. 
The separation may be accomplished using a method Well 

knoWn in the art, and preferably, through an extraction 
method. Here, it is preferable that at least 45 mol % of the 
isomers With one-directionally oriented chromophore in 3 -di 
mensional space is obtained from a separation of the diacid 
diester isomer mixture. 

Next, (iii) the step of polymerizing the isomers With one 
directionally oriented chromophore in 3-dimensional space 
and the diamine is performed. 
A solution polymerization method is used for polymeriz 

ing the diacid-diester isomer and the diamine. 
The above-mentioned monomers may be use as a diacid 

diester diamine, and the diacid-diester and the diamine pref 
erably react in a mole ratio of 1.0 to 1.05. 
The polymerization is conducted in polar aprotic solvents 

such as dimethylacetamide (DMAc), dimethylformamide 
(DMF), and methylpyrrolidone (N MP) . Among these, DMAc 
and NMP are particularly suitable. An appropriate tempera 
ture for the polymerization reaction is in the range of 0 to 50° 
C., and preferably in the range of 5° C. to room temperature. 
Preferably, the polymerization reaction takes place in an inac 
tive atmosphere, e. g., in a nitrogen atmosphere, in order to 
prevent a hydrolysis reaction of the dianhydride moiety. To 
facilitate the polymerization, pyridine and phenyl phospho 
nate dichloride are used as catalysts. 

The obtained polymer may be puri?ed using an appropriate 
method knoWn in the ?eld of organic chemistry. For example, 
the polymer solution is dropWise added to a nonsolvent for 
precipitation, and if needed, the process may be repeated. 
Further, tWo or more puri?cation methods can be used. 

According to a third aspect of the present invention, there is 
provided a ?lm manufactured from a self-poled EO and NLO 
polymer, Wherein among three types of isomers in a diacid 
diester monomer in Which an organic chromophore is chemi 
cally attached to an aromatic dianhydride. The self-poled EO 
and NLO polymer is obtained from the reaction betWeen the 
diacid-diester monomer containing largely isomer With one 
directionally oriented chromophore in 3-dimensional space 
and a diamine. The E0 and NLO properties of the ?lm are 
achieved Without a typical poling process in Which an elec 
trical ?eld is applied around Tg of the polymer. 
The ?lm is manufactured by spin coating and drying the 

polymer solution. Since spin coating method is used, a rela 
tively thick ?lm can be easily obtained compared With an LB 
or layer-by-layer self-assembled ?lm. 
The E0 polymer solvents do not change the properties of 

polymer and do not react on the polymer during dissolving the 
polymer. The proper solvent may be cyclopropane, cyclohex 
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anone, or y-butyrolactone. The polymer solution concentra 
tion may be 10 to 20 Wt %, and preferably, about 15 Wt %. 

Embodiments of the present invention Will noW be 
described in more detail in order to enable those skilled in the 
art to gain a full understanding of the present invention. Let it 
be clear that a variety of modi?cations can be made to the 
embodiments described beloW Without departing from the 
spirit and scope of the present invention. 

Embodiment 1 

Index 

Dianhydride: Oxydiphthalic anhydride (ODPA) 
Organic Chromophore Disperse Red 1 (DRl) 
Diamine: 2,2-bis(4-aminophenyl) hexa?uoropropane (6F) 
Diacid-diester monomer obtained by reacting an organic 

chromophore With ODPA (ODPE) 
First Step: ODPE Synthesis 
2.0 g ofODPA and 4.5 g ofDR1Were dissolved in 35 ml of 

anhydrous dimethylformamide in a 100 ml 2-hole ?ask, 
under a nitrogen atmosphere, at the room temperature, and 
the temperature Was increased up to 60° C. While stirring the 
solution for 24 hours. After reaction, the reaction solution Was 
cooled doWn to room temperature, and precipitated in dis 
tilled Water. Red precipitates Were ?ltered and cleansed again 
in distilled Water and dried in a vacuum at 60° C. to obtain 
ODPE in Which three types of isomers are mixed. 

Second Step: Separation of Meta-Para Type ODPE 
To separate meta-para type isomers from ODPE isomer 

mixture, other tWo type isomers Were extracted from butylac 
etate for 24 hours using a Soxhlet apparatus. ODPE remain 
ing in a thimble Was recrystallized from butylacetate at loW 
temperature and the obtained precipitate Was removed. Buty 
lacetate Was removed from the remaining solution under 
vacuum at room temperature to obtain meta-para isomer-rich 
ODPE (meta-meta: about 7%, meta-para: 72%, and para 
para: 20%). 

Third Step: Manufacturing EO and NLO Polymer 
After 1.0261 g of meta-para isomer-rich ODPE Was dis 

solved in puri?ed 1-methyl-2-pyrrolidinone under a nitrogen 
atmosphere, at room temperature, 0.43 g of phenyl pho spho 
nic dichloride and 0.36 ml of pyridine Were added to the 
solution. 0.3653 g of 6F Was added to the solution. A poly 
meriZation reaction Was carried out for 24 hours. A viscous 
polymer solution Was precipitated into methanol to obtain 
red-colored poWder, and the unreacted monomers and addi 
tives Were extracted from methanol using a Soxhlet extractor 
for 24 h. The red EO and NLO polymer poWder Was dried 
under vacuum at 60° C. (yield: 71%). The resulting polymer 
Was analyZed using lH-NMR and the result Was shoWn in 
FIG. 1. As illustrated in FIG. 1, the EO polymer is prepared 
Well. 

Reaction and synthesis for preparing the EO and NLO 
polymer of the ?rst embodiment are shoWn in FIG. 6. 

Embodiment 2 

Manufacturing Side Chain Type EO and NLO 
Polymer Film 

After 0.4 g of polymer poWder of Embodiment 1 Was 
completely dissolved in 1.7Ml of cyclopentanone, the solu 
tion Was ?ltered With a 0.2-p.m Te?on ?lter to remove all ?ne 
particles. The polymer concentration Was adjusted to 15 Wt 
%. The solution Was spin-coated on an indium tin oxide (ITO) 
glass at 800 rpm for 30 sec. The ?lm Was dried at 80° C. under 
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12 
vacuum for 2 days. A gold electrode (thickness: 0.1 um) Was 
prepared on top of the polymer ?lm on the ITO glass by 
thermal vacuum evaporation. 

Test Example 1 

Measurement of EO Coe?icient 

An EO coe?icient (r33) of the ?lm obtained from Embodi 
ment 2 Was measured at a Wavelength of 1.55 pm using a 
simple re?ection method suggested by Teng et al. (C. C. Teng. 
H. T. Man, Appl. Phys. Lett., 56, 1734, 1990). In addition, r33 
Was measured While exposing the ?lm at 80° C. for 250 hours. 
The results are shoWn in FIG. 2. 
The ?lm of Embodiment 2 had an EO coef?cient of about 

6.0 pm/V Without a poling process, and further, as can be seen 
in FIG. 2, the EO coe?icient of the ?lm of Embodiment 2 Was 
maintained at more than 95% even When the ?lm exposed for 
250 hours at 80° C., shoWing excellent thermal stability. 

In the EO and NLO polymer according to the present 
invention, the nano-structure of the polymer is controlled to 
have a organic chromophore one-dimensional oriented in a 
3-dimensional space. 
When a ?lm is made from a polymer With one-directionally 

oriented chromophore in 3-dimensional space using spin 
coating, the ?lm becomes an EO and NLO polymer ?lm 
Without a poling process. 
The most important effect of the present invention is that 

since the poling process is not required, a manufacturing 
process of an optical device chip can be simpli?ed. In addi 
tion, omission of the poling process may remove several 
restraints in manufacturing a polymer optical device. In prac 
tical optical Waveguide devices, the EO polymer is sand 
Wiched betWeen tWo cladding layers. During poling, DC volt 
age is applied and is divided among the three layers according 
to their resistivity. Therefore, the resistivity of the cladding 
layers is similar to or loWer than that of the core layer for 
maximiZing the poling effect. That is the most important 
consideration in developing a cladding material. Thus, When 
the optical Waveguide is already poled Without a poling pro 
cess, the importance of cladding development is signi?cantly 
reduced. 

Since alignment of the chromophore obtained from an 
external electric ?eld is thermodynamically instable, the sta 
bility of alignment of the chromophore in the EO ?lm is loW 
at high temperature. In contrast, the stability is excellent When 
the organic chromophore is naturally aligned in the ?lm, as in 
the present invention. 
When the poled state of the polymer ?lm is naturally 

formed as in the present invention, relaxation dependency of 
the orientation of the organic chromophore on temperature is 
loWer than that in the typical EO and NLO ?lm obtained 
through the poling process. 

While the invention has been shoWn and described With 
reference to certain exemplary embodiments thereof, it Will 
be understood by those skilled in the art that various changes 
in form and details may be made therein Without departing 
from the spirit and scope of the invention as de?ned by the 
appended claims. 

What is claimed is: 
1. A self-poled electro-optic and nonlinear optical polymer 

represented by Formula I, Wherein among three types of 
isomers in a diacid-diester monomer in Which an organic 
chromophore is chemically attached to an aromatic dianhy 
dride, the self-poled electro-optic and nonlinear optical poly 
mer is prepared from a diacid-diester monomer containing 
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largely isomer With one-directionally oriented chromophore 
in 3-dimensional space and a diamine 

(I) 

Where, AR is an aromatic group, R is an aliphatic or aromatic 
group, D is a residue of an organic chromophore molecule 
having electro-optic and nonlinear optical properties, and n is 
5 to 500. 

2. The self-poled electro-optic and nonlinear optical poly 
mer according to claim 1, Wherein a mole ratio of the isomer 
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With one-directionally oriented chromophore in 3-dimen 
sional space to the diacid-diester isomer mixture is 0.45 to 1. 

3. The self-poled electro-optic and nonlinear optical poly 
mer according to claim 1, Wherein the organic chromophore 
is a J's-conjugated organic molecule having both an electron 
donating group and an electron-releasing group. 

4. The self-poled electro-optic and nonlinear optical poly 
mer according to claim 1, Wherein the organic chromophore 
is one selected from a group consisting of 2-{ethyl-[4-(4 
nitro-phenylaZo)-phenyl]-amino}-ethanol (DRl), 2-{[4-(2 
chloro -4 -nitro -phenylaZo)-phenyl]-ethyl-amino) -ethanol 
(DR13), 2-(methyl-{4-[2-(4-nitro-phenyl)-Vinyl]-phenyl} 
amino)-ethanol, and 2-cyano-3-{4-(2-hydroxy-ethyl)-me 
thyl-amino]-phenyl}-but-2-endinitrile. 

5. The self-poled electro-optic and nonlinear optical poly 
mer according to claim 1, Wherein the polymer is represented 
by Formula II: 

(11) 
N02 

N 
Né 

No2 

Where n is 5 to 500. 
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6. A method of manufacturing a self-poled electro-optic 
and nonlinear optical polymer represented by Formula I 
according to claim 1, the method comprising the steps of: 

reacting an aromatic dianhydride With an organic chro 
mophore having optical nonlinearity to synthesize a 
diacid-diester monomer attached to the organic chro 
mophore; 

separating only an isomer With one-directionally oriented 
chromophore in 3-dimensional space from the diacid 
diester monomer isomer complex attached to the 
organic chromophore; and 

polymerizing the separated monomer With a diamine. 
7. The method according to claim 6, 
Wherein the dianhydride is an aromatic one, 
Wherein the organic chromophore is a J's-conjugated 

organic molecule having both an electron-donating 
group and an electron-releasing group, and 

Wherein the dianhydride and the organic chromophore 
react in a mole ratio of 1:2.1 to 1:2.2. 
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8. The method according to claim 6, Wherein the diacid 

diester isomer With one-directionally oriented chromophore 
in 3-dimensional space is separated through a extraction 
method. 

9. The method according to claim 6, Wherein the diacid 
diester monomer and the diamine are polymeriZed at a loW 

temperature using polymeriZation catalysts including phe 
nylphosphonic dichloride and pyridine. 

10. A ?lm manufactured from a self-poled electro-optic 
and nonlinear optical polymer represented by Formula 1 
according to claim 1, Wherein among three types of isomers in 
a diacid-diester monomer in Which an organic chromophore 
is chemically attached to an aromatic dianhydride, the self 
poled electro-optic and nonlinear optical polymer is synthe 
siZed from a diacid-diester monomer With one-directionally 
oriented chromophore in 3-dimensional space and a diamine. 


